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Abstract 
Work clothing represents a barrier between the body and the surrounding environment. It is closely connected with the fact that it 
affects the person’s wellbeing in relation to the protection, skin sensations and heat as well as moisture management. In relation 
to water and air permeability as well as permeability of water vapours, the testing process and evaluation were not based on 
investigation of the whole garments and utilization of the manikins but they were performed by help of selected and available 
methods for evaluating the moisture, water and air management properties. These selected methods were based on investigation 
of the small textile samples under the laboratory conditions. The result was connected with the evaluation of these mentioned 
properties for the whole assortment of the work clothes with different material composition. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of MMS 2015.  
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1. Introduction 
Work clothes are used to achieve safety and protection for people in the professional sphere and other 
surroundings [1]. Safety is defined as ”Freedom from unacceptable risk of harm” (ISO 1986). In the future, the work 
clothing of all kinds will be connected with growing importance in the occupational sectors as well as in the field of 
leisure and sport. The comfort and superior functional performance of work clothes have been identified as the most 
important attributes demanded by modern consumers, especially under dynamic wear situations. It has been found 
that clothing comfort consists of three major sensory factors: thermal-moisture comfort, tactile comfort and pressure 
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comfort. These three sensory factors contribute up to 90 % of overall comfort perceptions, and the relative 
importance of individual factors varies with different wear conditions [1]. The thermal-moisture comfort is the most 
important factor for active work clothing. The thermal-moisture comfort has to be completed by tactile comfort and 
pressure comfort. Thermal-moisture comfort is determined by the heat and moisture transfer behaviour of clothes 
during the dynamic interactions with human body and external surrounding environment. Tactile and pressure 
comfort is related to the mechanical behaviour of clothes during the wearing. Therefore, heat and moisture transfer 
and the mechanical behaviour of materials for clothing are the two major factors for the determination of the 
comfort as well as the functional performance of the work clothes. According to the mentioned fact hereinbefore, 
the moisture comfort of work clothes was evaluated because it represents considerably important aspect in relation 
to the work clothes. The investigation is also closely connected with specification of the testing methods relating to 
water vapour permeability as well as permeability of water and air. The given investigation was performed for 
selected materials and it is presented in this paper. Two specific assortments of textile fabrics were evaluated. These 
evaluated textile fabrics are both commonly used for production of the work uniforms as well as the work coats, 
boiler-suit or overalls. 
2. Methods and used materials 
 In this study, the evaluation of the moisture comfort was based on the measurement of the water vapour 
permeability, water permeability and air permeability while the known and common processes of investigation were 
used. The measurements were made under the isothermal conditions and therefore, the effect of condensation in the 
fabric layers was possible to be evaluated. The measurements of water vapour permeability were based on:  
• gravimetric method [2], 
• investigation of the skin model by help of  the Permetest testing device [3]. 
The measurement of condensed water (sweat) transfer was made on the basis of the determination of water 
wicking, water buffering as well as water absorbency by capillary action process [4]. The mentioned two principal 
methods for determination of the air permeability of textile fabrics are both related to the air flow through a known 
area of the sample and the pressure decrease through the sample. In our case, the pressure decrease was constant and 
the flow rate was measured [5]. 
The water vapours permeability for textile fabric can be defined as the passage of the water vapour on the basis 
of the differences of partial pressures for both sides of the textile fabric (reverse as well as face side) [2]. The 
principle of the water vapours permeability – gravimetric method is connected with the fact that the water vapours 
are absorbed by a desiccant (silica gel) when they pass through the textile fabric under certain conditions. In relation 
to the investigation, there is the parallel absorption of water vapours in bowls used for testing while in some bowls, 
there are the samples but in other bowls, there are not any samples. The result of this procedure is connected with 
the determination of the relative water vapors permeability represented by P x  (%) while P x  is the value which 
expresses the ratio of weight increase of desiccant in the test bowl with a textile fabrics (blowl n. 1, 2, 3, 4, 5) as 
well as the ratio of weight increase of desiccant in the test bowl without textile fabric (blowl n. 6, 7, 8, 9, 10). The 
given value can be calculated by help of the following equation:     
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where mv (g) is the weight increase of desiccant with a textile fabric (blowl n. 1, 2, 3, 4, 5) and ms (g) is the weight 
increase of desiccant without textile fabric (blowl n. 6, 7, 8, 9, 10).  
The principle measurement of water vapours permeability – Permetest skin model and subsequent evaluation of 
results by help of this device was close to the ISO 11092 standard and moreover, the utilization of the given 
investigation method was easier and more accessible in comparison with gravimetric method. The given 
       (1) 
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investigation involved the measurement of the thermal and moisture flow (q) on the surface of model representing 
human skin and textile fabric. The Permetest device was used to measure evaporative resistance (Ret) as well as 
vapour permeability for specified textile fabrics and all this process of measurement was carried out under the 
isothermal conditions. The evaporative resistance is the resulting pointer value for our evaluation and it can be 
expressed by help of following equation:  
                                                              
 
Ret  = (Pm- Pa).( qv -1-qo-1)                                                                                                                                     (2) 
  
where Ret (m2.Pa.W-1) is evaporative resistance, Pa (Pa)  is partial pressure of water vapour in the air (it is defined 
from relative moisture of air and its temperature), Pm is partial vapour pressure in the saturated state (it is a function 
of air temperature that can be found in the computer of the device), qo (W.m-2) is thermal flow created on the basis of 
water evaporation from water surface without any sample (the sample size is in accordance with the area of water 
surface where the evaporation process occurs) and qv (W.m-2) is thermal flow which is decreased when the surface is 
covered by the sample during the measurement. 
Measurement of liquid transfer was done on base of capillary process. Liquid sweat on the surface of the skin 
often gives rise to the discomfort feelings. Wicking can take place either around the body to allow a greater area for 
evaporation or through the fabric to get away from the skin. The average sweat wetted area of skin for the average 
male should be less than 30% to remain comfortable and it is connected with the fact that clothes in the direct 
contact with the skin should be able to remove the sweat from the skin on the basis of evaporation or wicking [6]. 
Wicking was evaluated due to the existence of capillaries in the internal structure of the textile fabrics. Capillaries 
located among the fibres have the ability to transfer water by capillary forces. The narrow stripes of textile fabric, 
which were dipped vertically, were used for measurement. The samples were dipped 2 mm under water. Suction 
height h (mm) based on water wettability was measured in the specified time intervals [4]. 
Measurement of air permeability was done of the air flow velocity Ra (mm.s-1) passing vertically through the 
given textile fabric was measured under the specified pressure. Measurements were carried out under the following 
conditions: tested area was 20 cm2 and air decrease was 100 Pa [5].The air velocity was calculated by the following 
equation: 
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where is ݍത the average flow velocity (dm3.min-1) or (l.min-1) and A is the tested surface of fabric (cm2). 
The special assortment of work textile fabric has been tested in this paper. The textile fabrics were made of 
different materials (Table 1). Samples designated as 1, 2, 3 are used for the production of uniforms and samples 
designated as 4, 5, 6, 7 are used for the production of work coats and boiler suits (overalls). The Fig. 1 shows 
microscopic images of the structure of investigated textile fabric. 
          Table 1. Textile fabric parameters: thickness h (mm), area density ρs (g.m-2), bulk density ρv (kg.m-3) and material composition. 
Sample Material composition  Materials properties 
n. ρs (g.m-2) h (mm)       ρv (kg.m-3) 
1        65/35 % Polyester/cotton hydrophobic treatment 182 0.36 506 
2   44/53/3 % Wool/polyester/elastane 212 0.47 451 
3        43/54/3 % Wool/polyester/elastane 187 0.43 435 
4        96/4 % cotton/elastane 180 0.52 346 
5        100% cotton 200 0.47 426 
6        100% cotton 245 0.58 422 
7        100% cotton 300 0.59 509 
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Fig. 1. Microscopic images of textile fabric. 
3. Results and discussion 
The water vapour permeability was measured in this study by help of two specified methods and subsequently, 
the results based on these two different methods were compared mutually (Table 2). In ISO 11092 standard, there is 
the specification that it is very good when Ret values are lower than 6. In relation to the measurement, the given 
mentioned value corresponded to all investigated materials [6]. The performed measurements confirmed that the 
older gravimetric method is more time consuming in comparison with utilization of Permetest device but the given 
method gives comparable results with the results of the evaporative resistance (Ret) based on investigations by help 
of the Permetest device. Samples of fabrics with the lowest evaporative resistance (Ret) exhibited the maximum 
relative water vapour permeability (P x ). It is interesting that the best water vapour permeability was observed for 
the sample designated as 1 (composed of cotton / polyester) and sample designated as 5 (consisting of 100% cotton). 
In relation to the cotton samples (samples designated as 6, 7), the increase of area density and thickness led to the 
decrease of moisture permeability. Secreted water vapour is condensed on the basis of the higher physical 
performance of the human body. This mentioned phenomenon is connected with creation of the sweat which is 
transferred through the textiles fabrics on the basis of the capillary pressure ('P). The measurement of capillary 
action process was used for evaluation of the liquid transfer ability of textiles fabric under certain conditions. As it 
can be seen in Fig. 2, the samples designated as 2, 3 (composed of the wool / polyester) were determined as the best 
material from the aspect of the highest suction height [7]. Furthermore, the increase of the liquid transfer through the 
textile fabrics was recognized for the content of the hydrophobic polyester in the mixture with wool (in comparison 
with cotton and wool). In the case of the sample designated as 1, there was not any liquid transfer due to the 
hydrophobic modification (it was able to transfer only water vapours).Transfer of liquid through the cotton samples 
was lower (in comparison with samples designated as 2, 3) and it was caused by the thickness of the textile fabrics 
(the greater the thickness, the lower the suction height). The results of measurements referring to the air velocity 
(through the fibre, yarn and weave pores of textile fabric) are shown in Fig. 3 The obtained values are dependent on 
the parameters of textile fabric including weave, thickness, fineness of threads and shortening under the weaving 
influence but there is not any considerable relationship with water vapour permeability and water permeability. The 
highest air permeability was gained in the case of samples designated as 2, 3 and it was because of their crimped 
character leading to higher number of air pores in the textile fabric. 
  
 
 
 
231 Jela Legerská and Pavol Lizák /  Procedia Engineering  136 ( 2016 )  227 – 232 
         Table 2. Set up values relative water vapour permeability P x  (%) and evaporative resistance Ret (m2.Pa.W-1). 
Sample Material composition  Materials properties 
n. P x   (%) Ret (m2.Pa.W-1)      
7        100% cotton  41 5.31  
6   100% cotton 50 4.83  
2        44/53/3 %  Wool/polyester/elastane 51 3.93  
3        43/54/3 %   Wool/polyester/elastane 51.5 3.65  
4       96/4 % cotton/elastane 55 3.39  
1        65/35 % Polyester/cotton hydrophobic treatment 59 3.35  
5        100% cotton 63 3.21  
 
 
Fig. 2. Suction height h (mm) measured for warp and weft in the time intervals after 30 minutes. 
 
Fig. 3. Air velocity Ra (mm.s-1) in textile fabrics. 
4. Conclusion  
The main aim of this paper was focused on the transfer of the selected media (water vapour, water, air) through 
textile fabric. The investigation as well as evaluation process was based on selection of textile fabric samples with 
the different material composition involving cotton, polyester, wool, elastane. In the case of sample designated as 1, 
hydrophobic coating was used for the surface treatment. All of the samples of textiles fabric are commonly used for 
production of work clothes. From the aspect of the physiological properties, two selected methods were used for 
investigation of the water permeability and the air permeability as well as water vapour permeability were also 
evaluated. The investigation of the mentioned properties was carried out because these specific characteristics 
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represent important factor in relation to the usage of work clothes which have to withstand the loading or stress at 
a certain work activities. The results of measurements give the following conclusions: 
• the increase of the thickness and area density is connected with decrease of the moisture transfer through textile 
fabric, 
• in relation to water vapour permeability, the same results were obtained during   measurements which were based 
on selection of two different investigation methods,  
• according to the obtained results, the both selected investigation methods are comparable although the method 
performed according to STN 800885 is out of date and time consuming, 
• in the case of measurement based on capillary action, there is the increase of the suction height due to increase of 
content of the polyester component,  
• there is not any influence of air permeability on the values or results referring to measurements of water vapour 
permeability as well as water permeability,   
• the most appropriate materials for production of the working clothes are represented by samples designated as 1 
(made of a mixture of cotton and polyester) and 5 (made of 100% cotton) and it has to be pointed out that in the 
case of sample designated as 1, the most of water and moisture is transferred through the weave to the 
environment,   
• in relation to the assessment of water vapour permeability, water permeability and air permeability, it is 
necessary to pay attention to the fact that during the final clothes processing, the samples designated as 1, 2, 3 are 
combined with the thermal insert and lining and therefore, these samples are not in the first or direct contact with 
the skin while the other tested materials are usually in direct contact with the skin or they represent the middle 
layer of the work clothes.  
These reasons may positively or negatively affect to the properties evaluated in this paper. On the basis of the 
measurements and evaluation, it can be concluded that tested materials are suitable for production of the work 
clothes because they have good water vapour permeability as well as water and air permeability and furthermore, 
these tested materials are recommended to be subjected to the investigation and measurement of thermal, tactile and 
pressure comfort in order to complete the analysis or evaluation.  
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